tion, real-time scanning, easy performance, and wide availability. Brennan et al 5 reported that no additional imaging was needed if a parotid lesion was confirmed as benign by sonography and core needle aspiration cytologic analysis. Several other studies demonstrated that some features on color Doppler sonography were associated with major salivary gland carcinomas, such as high vascularization, high systolic peak flow velocity, and the resistive index. 6, 7 However, there are some overlapping sonographic presentations, especially between benign and some low-grade malignant neoplasms. 8 Based on the fact that the malignant lesions are usually harder than benign ones in most organs, ultrasound elastography has been introduced to assess the elastic properties of tumors. It would be helpful for clinicians if tissue mechanical properties in lesions were provided, aside from morphologic features. If a target lesion is readily inclined to deformation under mechanical excitation, the lesion would be regarded as more elastic or less stiff. Elastography consists of strain elastography and shear wave elastography (SWE), both of which have been proven to be promising modalities for evaluating thyroid, breast, and liver lesions. [8] [9] [10] Conventional strain elastography evaluates stiffness of the target area as a direct correlation of manual compression, thus introducing a component of substantial interobserver variability. 11 To overcome this problem, acoustic radiation force impulse (ARFI) elastography was introduced in recent years, in which tissue is mechanically excited under shortduration acoustic pulses from the transducer, which propagate in a perpendicular direction. Acoustic radiation force impulse elastography allows for qualitative or quantitative assessment of the lesion's stiffness by estimating tissue displacement or measuring the shear wave propagation speed. In the point SWE mode, the tissue's elasticity is denoted as the shear wave velocity (SWV, in meters per second) on the ultrasound machine's screen, which increases along with the stiffness of the tissue. On the other hand, ARFIinduced strain elastography is a grayscale map of stiffness created by synthesizing the tissue response to acoustic push forces. 12 Using ARFI elastography, several studies showed good diagnostic performance in evaluating thyroid nodules. 11, 13 To date, some studies have explored the usefulness of elastography for diagnosis of major salivary gland lesions, including conventional strain elastography and 2-dimensional SWE techniques. [14] [15] [16] [17] [18] Few of them have evaluated whether the technique of ARFI strain elastography could be applied for assessing major salivary glands. Therefore, the aim of this preliminary study was to investigate the diagnostic performances of conventional strain elastography, ARFI strain elastography, and point SWE in diagnosing major salivary gland lesions.
Materials and Methods

Patients
The Institutional Review Board approved this retrospective study and did not require patient approval or informed consent for the review of patient images and records. From April 2013 to March 2015, we routinely performed salivary gland sonography, conventional strain elastography, ARFI strain elastography, and point SWE on 207 consecutive patients with focal lesions. The exclusion criteria were as follows: (1) focal lesions that appeared as normal or reactive-appearing lymph nodes; (2) focal lesions without proven histopathologic results within the study period; and (3) purely cystic focal lesions. Finally, 40 patients with 40 lesions (29 parotid and 11 submandibular) were enrolled in this study. Patients with biopsy-proven malignant lesions or pleomorphic adenomas were recommended for surgical interventions. If a histopathologic result from a surgical specimen was not available within the study period, an ultrasound-guided core needle biopsy result would be regarded as the reference standard (n = 29).
Conventional Sonography, Conventional Strain
Elastography, ARFI Strain Elastography, and Point SWE The conventional sonographic examinations, which comprised grayscale and color Doppler sonography, as well as elastography, were performed by a single radiologist on all patients with an Acuson S2000 ultrasound system (Siemens Medical Solutions, Mountain View, CA). Bilateral parotid and submandibular glands were carefully examined in transverse and longitudinal dimensions with a 9L4 linear array transducer. The focus, gain, and depth were adjusted to obtain the optimal image. The morphologic features of sonographically detected lesions were assessed, including size, composition, echo texture, echogenicity, shape, margin, calcification, and posterior acoustic enhancement. Then the color Doppler mode was applied, and the color gain was set to a level at which color signals from the background salivary tissues did not display any noise under realtime examinations.
Then the elastographic mode was implemented. First, conventional strain elastography was performed with slight manual pressure, and then the transducer was kept stationary for 5 seconds with a quality indicator of greater than 60 obtained to ensure good-quality elastic images. A split screen of both sonographic and conventional strain elastographic images was seen, with the latter on the right side.
The conventional strain elastographic image was color coded, with blue indicating hardness and red indicating softness. Second, the patient was asked to hold his or her breath, and the ARFI strain elastographic mode was initiated. The transducer was placed gently on the body surface with as slight as possible pressure to the major salivary gland. The ARFI strain elastographic image was then visualized, in which dark represented stiffness, and white represented softness. In both conventional and SWE strain elastographic modes, the sampling box included both the lesion and some surrounding parenchyma. Afterward, the point ARFI mode was implemented. Also, the patient was instructed to hold his or her breath for seconds, and nearly no pressure was required, as mentioned before. Visible calcifications and cystic components were avoided as far as possible while the quantitative measurement using a 5 × 6-mm SWV region of interest (ROI) was placed in the solid region during the investigation. The ARFI measurement was activated, and the SWV was then displayed on the screen. The measurement was repeated 7 times at the same site. The range for the SWV was 0.5 to 8.4 m/s. After the highest and lowest values were ruled out, the mean of the remaining 5 measurements was calculated and used for subsequent analysis. 11 The whole examination lasted about 10 to 15 minutes, with no additional cost or physical complaints from the patients.
Image Interpretation
Two investigators who did not participate in the acquisitions of sonographic and elastographic images interpreted the images, and they were blinded to histopathologic results while interpreting the images. A consensus was achieved when there were different results. The size of the lesion was defined by the longest diameter measured on sonography. The composition of the lesion was classified as solid or mixed (combined cystic and solid portion), echogenicity as hypoechoic, isoechoic, or hyperechoic, and heterogeneity by comparing with the echogenicity of surrounding parenchyma. The shape of the lesion was defined as taller than wide if larger in its anteroposterior dimension than in its transverse dimension; otherwise, it was defined as wider than tall. The posterior acoustic enhancement of the lesion was defined as strong, moderate, or none according to the extent of brightness. In addition, the lesion's margin was categorized as well defined or poorly defined, calcification as present or absent, and echo texture as homogeneous or heterogeneous. Also, we applied some scoring systems for color Doppler and conventional strain elastographic features of the lesions, which were modified from scoring systems in previous studies of thyroid nodules. 19, 20 The color Doppler and conventional strain elastographic features were both divided into 4-point scoring systems ( Table 1 ). The ARFI strain elastographic images were classified as follows: score 1, the lesion was predominantly bright (dark portion, 0%-20%); score 2, the lesion was predominantly bright with a few dark portions (dark portion, 20%-40%); score 3, the lesion was equally dark and bright (dark portion, 40%-60%); score 4, the lesion was predominantly dark with a few bright spots (dark portion, 60%-80%); score 5, the lesion was almost completely dark (dark portion, ≥80%); and score 6, the lesion was completely dark without bright spots (dark portion, 100%). 11 
Statistical Analysis
Results
Demographic and Pathologic Characteristics
The study group consisted of 40 patients (14 women and 26 men). The mean age of the women was 44 years (range, 25-78 years), and the mean age of the men was 54 years (range, 22-77 years). The diameters of the lesions ranged from 10.4 to 49.2 mm (mean ± SD, 24.9 ± 9.2 mm). Histopathologically, 32 benign lesions (7 Warthin tumors, 17 pleomorphic adenomas, 5 Kimura disease, 1 abscess, 1 branchial cyst, and 1 chronic sialadenitis) and 8 malignant lesions were confirmed, including 1 squamous carcinoma, 2 metastases, 2 mucoepidermoid carcinomas (Figure 1 ), 1 anaplastic carcinoma, and 2 malignant lymphomas. The mean age, sex, and mean lesion size did not differ significantly between the malignant and benign groups (all P > .05; Table 2 ).
Conventional Sonographic and Elastographic Features
Conventional sonographic features were not significantly associated with major salivary gland malignancy (all P > .05; Table 2 ). However, a trend was found in which malignant lesions seemed more likely to be found in those with peripheral or central vascular spots (n = 8) on color Doppler sonography, a heterogeneous echo texture on grayscale sonography (n = 7) and hypoechogenicity (n = 8) on grayscale sonography.
The conventional strain elastographic scores showed no significant differences in distinguishing major salivary gland lesions (Table 3) . Also, the conventional strain elastographic scores between pleomorphic adenomas and Warthin tumors corresponded to nonsignificant differences (P = .446). With respect to ARFI strain elastographic scores, the distribution of scores between benign and malignant lesions was statistically different. An ARFI strain elastographic score of 4 or greater was highly predictive of malignancy (P = .025). However, no significant difference was found for ARFI strain elastographic scores in distinguishing pleomorphic adenomas and Warthin tumors (P > .05). When applying an ARFI strain elastographic score of 3 as the cutoff value, it achieved specificity of 81.3% (26 of 32) and sensitivity of 62.5% (5 of 8) for diagnosis of major salivary gland disease. There were 3 false-negative lesions (1 mucoepidermoid carcinoma and 2 B-cell lymphomas) and 6 false-positive lesions (1 Warthin tumor, 4 pleomorphic adenomas, and 1 Kimura disease) when applying this method (Figure 2 
Interobserver Agreement in Interpreting Sonographic and Elastographic Features
In interpreting conventional sonographic features, there was a very good degree of interobserver agreement for composition (κ = 0.899), a good degree of agreement for echo texture, posterior acoustic enhancement, calcification, and vascularity (κ = 0.688, 0.667, 0.625, and 0.604, respectively), and a moderate degree of agreement for echogenicity, margin, and shape (κ = 0.540, 0.457, and 0.543; all P < .01). Before consensus, different results in interpreting images were found in 7 cases (17.5%) for conventional strain elastography and 8 cases (20%) for ARFI strain elastography.
The κ values were 0.657 for conventional strain elastography and 0.717 for ARFI strain elastography, both indicating good interobserver agreement (both P < .001).
Discussion
Conventional sonography is helpful for delineating and locating major salivary gland lesions with great convenience. A 220-patient population study conducted by Sriskandan et al 21 revealed that some sonographic features were valuable for diagnosis of malignant major salivary gland lesions, including a poorly defined margin and heterogeneity. However, a considerable disadvantage of B-mode sonography is its relatively low accuracy. 22 In our study, no sonographic features were predictive of major salivary gland malignancy. It should be noted that overlapping features between benign and malignant lesions might exist because of various patterns of major salivary gland diseases. Previous studies of elasticity imaging for focal salivary gland lesion characterization used qualitative conventional strain elastography. While applying excitation to the tissue on elastography, displacement at each tissue site is calculated by comparing the signal before and after compression. Hence, adequate compression is valuable for the final analysis of the elastogram to avoid artifacts. Invalid results were obtained because of the effect of inappropriate precompression during the scanning. 23 It is recommended that very slight pressure (ie, ≈1%, compression of 0.3 cm for the breast) would lead to proper interpretations of breast images. 12 However, it is difficult for radiologists to achieve such accurate pressure on major salivary glands by manual compression. Even with meticulous care, the position of some salivary lesions over the ramus is difficult for applying proper manual compression because propagation of the echo signal to the relatively deep part in the superficial lobe is obstructed. Our study found that conventional strain elastography was not powerful for evaluating major salivary gland lesions. When using a score of greater than 2 as the cutoff point for malignancy, 14 of 17 pleomorphic adenomas were classified as having a conventional strain elastographic score of 3 in comparison with 7 carcinomas. In addition, 7 benign lesions in our study had a score of 4, whereas no carcinoma had the highest conventional strain elastographic score. Our results are consistent with the findings of Bhatia et al, 24 who concluded that conventional strain elastography had a poor ability to discriminate major salivary gland lesions. Also, in their study, approximately one-third of elastograms were not included, since artifacts were detrimental to the elastographic analysis. In 1 case proven as a Warthin tumor (Figure 3) , we found that the normal parotid gland around the tumor appeared blue, and the inner neoplasm part was mostly green on conventional strain elastography, whereas both the surrounding parenchyma and tumor were bright on ARFI strain elastography. With the homogeneous parenchyma, this phenomenon on conventional strain elastography might have been regarded as an artifact due to compression, although great care was taken to avoid it. Our main purpose was to verify the usefulness of ARFI elastography for differentiation of major salivary gland focal lesions. Compared with conventional strain elastography, ARFI strain elastography was more useful for diagnosis of major salivary gland lesions, with lower scores indicating benign lesions. The difference between them is that the latter has the advantages of freehand tissue compression by ARFI originating from the transducer and being able to focus the push pulse within deeply located tissues. In this Figure 2 . Pleomorphic adenoma (arrows) on the left parotid gland in a 29-year-old woman. A hypoechoic heterogeneous lesion is shown on B-mode sonography (a). On color Doppler sonography, the lesion shows a central vascular signal that is higher than the peripheral portion, classified as score 3 (b). On conventional strain elastography, the lesion is displayed predominantly in blue, with a few red and green areas, classified as score 3 (c). On ARFI strain elastography, the lesion is predominantly dark, classified as score 4 (d). An SWV of 2.90 m/s on point SWE was assigned for the lesion (e). The lesion was histopathologically proven to be pleomorphic adenoma (f). study, 5 of 8 malignant lesions had an ARFI strain elastographic score of 4 or 5 compared with 6 of 32 benign lesions that achieved a score of greater than 3 (Table 4) . Finally, an ARFI strain elastographic score of greater than 3 achieved specificity and sensitivity of 81.3% (26 of 32) and 62.5% (5 of 8), respectively. On the other hand, there were still some unpromising results concerning this technique. Two B-cell malignant lymphomas on ARFI strain elastography had a score of 2 for unknown reasons. Six falsepositive findings existed, including 1 Warthin tumor, 4 pleomorphic adenomas, and 1 Kimura disease. Among the false-negative results, 1 mucoepidermoid carcinoma (Figure 4 ) with a cystic portion appeared soft on ARFI strain elastography, for which we hypothesized that a portion of viscous fluid might have hindered propagation of the acoustic force pulse. Another possible explanation lies in the fact that tissue stress distribution is not uniform within the body, and tissue elasticity is nonlinear and even less dependent on external compression. The artifact concerning ARFI strain elastography existed in other parts as well. In a previous study, a hepatocellular carcinoma in a cirrhotic liver appeared more compliant than the stiffer diseased liver tissue on the ARFI strain elastographic image. 25 Therefore, the usefulness of ARFI strain elastography for major salivary gland lesions still needs to be further investigated with large-scale clinical data.
There was only a single previous study that used point SWE to discriminate major salivary gland lesions. Mansour et al 16 showed that SWVs were higher in pleomorphic adenomas than Warthin tumors, which was similar to our results. The explanation for this finding may be the fact that the entities differ in cell components. Pleomorphic adenoma, also known a as benign mixed tumor, is composed of different cellular types, such as myxoid stroma and epithelial cells. 26, 27 It might be reasonable to predict that a pleomorphic adenoma containing more myxoid stroma would appear stiffer than the one with more epithelial cells. The ability to discriminate these benign tumors may be helpful to surgeons for selecting adequate operations. Since pleomorphic adenoma is likely to be recurrent, surgeons may prefer superficial parotidectomy, whereas enucleation for Warthin tumors might be considered in some cases. 28, 29 However, the overlapping SWVs between benign and malignant major salivary gland lesions may confuse clinicians. In this study, The surrounding parenchyma appears mostly blue. On ARFI strain elastography, the lesion is predominantly bright with a few dark portions, classified as score 2 (c). The surrounding parenchyma appears mostly white or gray. An SWV of 1.48 m/s on point SWE was assigned for the lesion (d).
1.77 m/s, and 1 mucoepidermoid carcinoma had a mean SWV of 2.76 m/s, both of which had a score of 2 on ARFI strain elastography. We are of the opinion that heterogeneity occurred in the development of malignant major salivary gland lesions, which changed the elastic properties. Bhatia et al 18 illustrated that the spatial heterogeneity of major salivary gland lesions was highest in mucoepidermoid cancers (median, 44.2 kPa), followed by pleomorphic adenomas (median, 12.4 kPa), and lowest in nonHodgkin lymphoma (median, 1.4 kPa) by using the standard deviation of stiffness values obtained from 2-dimensional SWE. Therefore, even though the results of point SWE were not statistically significant in distinguishing benign from malignant major salivary gland lesions, there were promising results, and larger studies are needed to further evaluate the role of this modality. On conventional strain elastography, the lesion is displayed equally as blue and green areas, classified as score 2 (b). On ARFI strain elastography, the lesion is predominantly bright with a few dark portions, classified as score 2 (c). The lesion was histopathologically proven to be mucoepidermoid carcinoma (d).
On the other hand, the point SWE technique used in this study is a relatively older version of the SWE technique with only a single ROI displacement. Multiple-point SWV measurements and smaller ROIs are available in some instruments with 2-dimensional SWE technology. In a recent study, the shear modulus of benign major salivary gland lesions overlapped appreciably with malignant ones, in which the Young modulus on SWE was expressed as kilopascals. 18 Our investigation had several limitations. First, the small sample size, especially the limited number of carcinomas, may limit the importance of this study. In addition, major salivary gland lesions other than palpable masses are usually nonsymptomatic before medical intervention, and the data from our study, which were dependent on hospitalbased retrospective collection, might inevitably have caused a selection bias. A large-cohort prospective multiinstitutional population study might be needed in the future. Second, in this study, we included both parotid and submandibular gland lesions, but we did not take into account the effects of the elastic properties of normal parotid and submandibular tissues on the final results. Third, measures of interobserver and intraobserver agreement on placement of point SWE ROIs were not calculated, although previous studies have shown good or moderate reproducibility of ARFI elastography in different sites of the body. [30] [31] [32] Fourth, areas with calcification and cystic components were avoided for SWV measurements; however, the same protocol for conventional and ARFI strain elastography was not applied. Therefore, a direct comparison may not be appropriate in some cases. Given the different evaluation methods, larger studies designed to account for the variable techniques are needed for making diagnostic comparisons between the systems.
In conclusion, our initial experience suggests that ARFI strain elastography may be potentially useful for differentiating between malignant and benign major salivary gland lesions. Unfortunately, conventional strain elastography has a limited role in assessing these lesions. With regard to point SWE, the results were not statistically significant, and studies with larger cohorts are needed to further evaluate its role.
